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592a Tuesday, February 18, 2014(IMM). While IMM fusion is not obligatory following fusion of the OMM, it
most often follows in a matter of seconds. Little is known about the coordina-
tion of this close coupling. Using photactivatable fluorescent proteins and
time-lapse confocal microscopy we have been able to visualize and quantify
OMM-IMM fusion coupling in vivo under a variety of conditions to discover
regulation by two inter-related factors. First, in cells deprived of oxidative sub-
strate, reintroduction of glutamine significantly increased the efficiency of
coupling as measured by the distribution of coupling times and OMM-only
fusion events. This enhancement correlates with mitochondrial ATP levels
measured by a matrix-targeted genetically encoded reporter, and supported
by a strong decoupling effect observed following oligomycin treatment. Sec-
ond, cells treated with carefully calibrated levels of the ionophores valinomycin
or nigericin show increased and decreased coupling efficiency, respectively.
We hypothesize this effect is due to matrix volume dilation and constriction
that affects the physical interaction of the OMM and IMM.
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Mitochondrial function is central to heart physiology and pathology. The func-
tion of mitochondria is dynamically regulated by their fusion and fission in
many cell types. However, the study of mitochondrial dynamics in cardiomyo-
cytes (CM) has been difficult. Using photoactivatable (PA) fluorescent proteins
we characterized the mitochondrial dynamics in normal neonatal and adult rat
CM. CM were transduced by mitochondrial matrix targeted DsRed and PA-
GFP encoding adenoviruses and evaluated by confocal miscroscopy 36-48 h
post infection. With this approach, we studied an early developmental stage
(neonatal) and fully differentiated (adult) CM. We also studied the same cells
upon prolonged exposure to ethanol that is known to cause mitochondrial
dysfunction and cardiomyopathy.
We show that mitochondria form a highly connected network in neonatal CM,
and mostly discrete structures with some connectivity mostly in longitudinal
orientation in adult CM. Neonatal CM displayed considerable fusion activity
(0.25 events/25 square micrometers/min). Eighty two % of the events resulted
in complete merge of the organelles, whereas 18% appeared as fusion followed
by separation. By contrast, the fusion events were scarce in the adult CM. Mito-
chondrial movements were also more frequent and elapsed longer distances in
neonatal than in adult CM.
Neonatal CM exposed to 50 mM ethanol for 48h showed 40% decrease in the
network continuity and 75% decrease in the fusion event rate. In adult CM iso-
lated from ethanol-fed (6 months) rats, mitochondrial continuity decreased to
50% of the control.
Thus, mitochondria are highly dynamic in neonatal CM. Some stable intermi-
tochondrial connections allow content exchange in the adult CM but less fusion
activity is present, probably due to the spatial restriction presented by the myo-
filaments. Chronic ethanol exposure suppresses mitochondrial dynamics in
CM, which effect might provide a possible mechanism for the impaired
contractility.
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ATP generation is fueled by an electrical potential across the inner mitochon-
drial membrane (IMM), which can be decreased by an uncoupling protein
(UCP) facilitated proton leak. Apart from UCP1, which supports non-
shivering thermogenesis, the function of the other UCPs, such as UCP3, re-
mains unknown. In contrast to UCP1, few results on UCP3 regulation from
studies on isolated mitochondria or liposomes imply that ADP/GDP has a
stronger inhibitory effect on UCP3 than ATP/GTP. In light of the fact that
both, UCP1 and UCP3 were found in brown adipose tissue, we now test
whether UCP3 and UCP1 are regulated differently. For this we compare the in-
hibition of UCP1 and UCP3 by PNs of varying phosphorylation and concentra-
tion, using a system of planar bilayers reconstituted with recombinant protein
and FAs (1). In contrast to liposomes, this enables us to directly apply the mem-
brane potential necessary for UCP3 function under physiological conditions.
These results show that ATP and not ADP is the most potent UCP3 inhibitor
and this is likewise similar to UCP1 and UCP2 (2, 3). UCP3 conductance is
more strongly inhibited by the same PN concentrations than is UCP1 conduc-
tance, and adenosine nucleotides are more effective inhibitors than guanosines.Our results demonstrate that inhibition of UCP3 is similar to that of UCP1. We
anticipate these findings as a starting point to examine whether different factors
(in comparison to UCP1) are required to activate UCP3.
(1) Beck et al. (2006) Biochim Biophys Acta. 1757(5-6):474-9.
(2) Beck et al. (2007) FASEB J. 21(4):1137-44.
(3) Rupprech et al. (2010) Biophys J. 98(8):1503-11.
2992-Pos Board B684
Quantification of Mitochondrial UCP3 Expression in Mouse Tissues
Karolina E. Hilse1, Anne Rupprecht1, Anastasia Kalinovich2,
Irina G. Shabalina2, Elena E. Pohl1.
1Institute of Physiology, Pathophysiology and Biophysics, University of
Veterinary Medicine, Vienna, Austria, 2The Wenner-Gren Institute,
Stockholm University, Stockholm, Sweden.
The mitochondrial uncoupling protein family includes at least five members
(UCP1 - UCP5), which are implicated in the pathophysiology of different dis-
eases such as obesity, diabetes type II, ischemia, cancer and neurodegenerative
disorders. In contrast to the well-defined function of UCP1 in thermogenesis,
the uncertain role and expression patterns of subfamily members are controver-
sially discussed. Recently, we suggested that UCP2 and UCP4 expression is
tightly connected to a certain type of cell metabolism (1,2). Surprisingly, highly
homologous UCP1 and UCP3 with similar proton transport functions were re-
ported to be present in BAT. To get a hint about the reason for this expression
pattern, we aimed to quantify the amounts of UCP3 in mouse tissues under
different conditions in this study and compare it to the UCP1 amounts in
BAT. For this we designed a specific antibody against UCP3, which we have
validated using UCP3 knockout mice tissue and recombinant mouse UCP3.
We confirmed that UCP3 is expressed in brown adipose tissue, gastrocnemius
muscle, scapular muscle and the heart. Using an established WB approach with
recombinant UCPs, we were able to show for the first time, that the amount of
the expressed UCP3 in BAT is much higher compared to the muscle samples,
but still considerably lower than the amount of UCP1 in BAT determined pre-
viously (1). UCP3 abundance in muscles fluctuates strongly in different mice
and between various muscle types of the same mouse already under physiolog-
ical conditions. The results of this study support the hypothesis about different
biological function of both, UCP1 and UCP3.
1. Smorodchenko,A et al. Mol Cell Neurosci. 2011 Aug;47(4):244-53.
2. Rupprecht,A. et al. PLoS One. 2012;7(8):e41406.
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Beige adipocytes are a morphologically distinct type of fat cell that develop
within white fat depots upon exposure to cold or high fat diet. These cells
have emerged as a major contributor to adaptive thermogenenesis and control
of obesity, along with brown fat, a classic thermogenic tissue. Indeed, similarly
to brown adipocytes, beige adipocytes have been shown to express mitochon-
drial uncoupling protein 1 (UCP1), which is known to convert ATP into heat by
increasing the passive proton (Hþ) leak of the inner mitochondrial membrane.
However, the mechanisms of mitochondrial uncoupling and thermogenesis in
beige fat as well as the relative contribution of UCP1 still remain unclear.
Here we developed a method for isolation of a pure population of beige adipo-
cyte mitochondria from white fat depots and for the first time directly charac-
terized the mechanism of mitochondrial uncoupling in beige fat using the
mitochondrial patch-clamp. We demonstrate that the inner membrane of beige
fat mitochondria has very large Hþ conductance comparable to that found in
brown fat. This Hþ conductance was fatty-acid dependent, inhibited by purine
nucleotides, and disappeared completely in UCP1(-/-) mice. We conclude that
UCP1 is responsible for mitochondrial uncoupling in beige fat, and that the
thermogenic capacity of beige fat is similar to that of brown fat. This observa-
tion also confirms that beige adipocytes significantly contribute to adaptive
thermogenesis, which makes them an attractive therapeutic target to treat
obesity.
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Mitochondrial dysfunction leading to deficits in energy production, calcium ca-
pacity, and free radical generation has been implicated in the pathogenesis of
familial amyotrophic lateral sclerosis (ALS) caused by mutations in Cu,Zn
Tuesday, February 18, 2014 593asuperoxide dismutase (SOD1). Numerous studies link UCP2, a member of the
uncoupling protein family, to protection of neurons from mitochondrial
dysfunction and oxidative damage in various mouse models of acute stress
and neurodegeneration, including Parkinson’s disease. Here, we tested the po-
tential neuroprotective effects of UCP2 and its ability to modulate mitochon-
drial function, in the G93A mutant SOD1 mouse model of familial ALS.
Disease phenotype, mitochondrial bioenergetics, and calcium capacity were
investigated in the central nervous system of double transgenic mice, express-
ing both human mutant G93A SOD1 and human UCP2 (hUCP2). Unexpect-
edly, hUCP2 expression accelerated the disease course of SOD1 mutant
mice. In addition, we did not observe a classical uncoupling effect of
hUCP2 in G93A brain mitochondria, although we did detect a decrease in reac-
tive oxygen species (ROS) production from mitochondria challenged with the
respiratory chain inhibitors rotenone and antimycin A. We also found that
mitochondrial Ca2þ capacity was decreased in the double transgenic mice,
as compared to G93A mice. Taken together our results indicate that the neuro-
protective role of UCP2 in neurodegeneration is disease-specific and that,
while a mild uncoupling by UCP2 in brain mitochondria may protect against
neurodegeneration in some injury paradigms, the mitochondrial damage and
the disease caused by mutant SOD1 cannot be ameliorated by UCP2
overexpression.
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Introduction: Mitochondrial Ca2þ uptake is thought to be mediated by the Ca2þ
uniporter (MCU). Uncoupling proteins (UCPs) are located in the inner
mitochondrial membrane and belong to a superfamily of mitochondrial ion
transporters. The possible role of UCP proteins in modulating mitochondrial
Ca2þ uptake via the mitochondrial MCU is highly controversial.
Methods: To address this question, we isolated intact cardiac mitochondria
from adult wild-type (WT), B6.129S4-Ucp2tm1Lowl/J (UCP2-/-) mice and
analyzed mitochondrial Ruthenium360 (Ru360) sensitive Ca2þ uptake via
Rhod2-AM. To further investigate if UCP2 modulates MCU single-channel
activity cardiac and liver giant mitoplasts which also lack UCP3, were investi-
gated by mitoplast-attached single-channel recordings.
Results: Isolated mitochondria in both WT and UCP2-/- mice showed a Ru360
sensitive mitochondrial Ca2þ uptake which was significantly decreased in
UCP2-/- mice. Single-channel registrations confirmed a murine voltage-gated
Ca2þ channel, i.e. mCa1, which was inhibited by a low concentration of
Ru360 indicating that mCa1 underlies the MCU. In heart and liver giant mito-
plasts of UCP2-/- mice mCa1 was also present, however exhibiting a decreased
single-channel activity. Additionally, we observed an inhibitory effect of ATP
on mCa1 activity in mitoplasts from WT mice while no effect was observed in
UCP2-/- mitoplasts.
Conclusion: Our experiments indicate regulatory effects of UCP2 on MCU ac-
tivity. Furthermore we propose that previously described inhibitory effects on
MCU by ATP may be mediated via UCP2. Experiments performed on liver gi-
ant mitoplast suggest that neither UCP2 nor UCP3 are essential compounds of
the MCU.
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Introduction: Mitochondrial Ca2þ handling modulates the spatial and temporal
profile of intracellular Ca2þ signaling. It is mainly mediated by the mitochon-
drial calcium uniporter (MCU). Uncoupling protein-2 (UCP2) a mitochondrial
membrane protein has been proposed to be fundamental for MCU activity.
Whether cellular excitation contraction (EC) coupling is modulated by UCP2
remains to be determined.
Methods: To investigate this scenario, we isolated intact cardiomyocytes from
adult wild-type (WT) and B6.129S4-Ucp2tm1Lowl/J (UCP2-/-) mice to
analyze dual Ca2þ transients from the mitochondrial ((Ca2þ)m) and intracel-lular compartment ((Ca2þ)c) in the whole cell configuration using Rhod2-AM
and Fluo4 pentapotassium salt. We also tested whether the previously
described inhibitory effect of ATP on mitochondrial Ca2þ uptake could be
mediated by UCP2. To detect possible regulatory effects on sarcolemmal
Ca2þ uptake in UCP2-/- mice, trigger Ca2þ influx was measured using
Ryanodine.
Results: In cardiomyocytes of WT mice (Ca2þ)m was selectively decreased by
Ruthenium360 (Ru360) while (Ca2þ)c was upregulated. The (Ca2þ)m was
decreased in UCP2-/- myocytes compared toWTwhile (Ca2þ)c was unchanged
suggesting a compensational modulation of EC coupling. Trigger Ca2þ influx
was reduced in UCP2-/- vs. WT myocytes, presumably to prevent cytosolic
Ca2þ overload. Additionally, we observed an inhibitory effect of ATP on mito-
chondrial Ca2þ uptake in myocytes of WT mice while no effect was observed
in UCP2-/- mice.
Conclusion: Our experiments suggest a possible role of MCU and UCP2 inter-
action in controlling mitochondrial Ca2þ uptake as well as EC coupling.
Cellular Pathways and Networks: Prokaryotic
and Eukaryotic
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HER2 overexpression drives tumorigenesis in a large subset of breast cancers
and pharmacological inhibition of this receptor tyrosine kinase is currently used
in the clinic for these patients. While all of the cancer cells within the tumor are
dependent on HER2 signaling, treatment with HER2 inhibitors results in the
establishment of two separate populations; cells that undergo apoptosis and
cells that survive. The mechanisms underlying the decision-making processes
are not well understood.
In this study, HER2 positive breast cancer cell lines were utilized to model
the signaling and gene expression changes in distinct populations of
inhibitor-treated breast cancer cells. Previous studies have demonstrated
that lapatinib induces a gene expression program that is comprised of both
anti-apoptotic and pro-apoptotic genes. This provides the possibility that dif-
ferential gene expression in the apoptotic and surviving populations may
account for the commitment to cell fate. To directly test this, BT474 cells
(a cell line derived from the tumor of a HER2-positive breast cancer patient)
were treated with the small-molecule HER2 inhibitor, lapatinib (TykerbTM),
for 24 hours, labeled with AnnexinV-FITC (apoptotic marker), and sorted
using FACS. Differential gene expression analysis demonstrated that the
surviving population had dramatic increases in the levels of several genes
including irs2. IRS2 is an adaptor protein that may be able to bypass
HER2 and signal to the major growth pathways. Ongoing experiments are
further characterizing the temporal profile of this induction in the two popu-
lations. Experiments using siRNA to silence FOXO3a have demonstrated that
the induction of irs2 is mediated by this Forkhead-family transcription factor.
These results provide the basis for a model where HER2 inhibition differen-
tially modulates gene expression in a cell population, thereby driving distinct
cell fates.
2998-Pos Board B690
Temporal Regulation of ERK Activity by Light Reveals a Memory Effect
in Pc12 Cell Neurite Outgrowth
Kai Zhang, Liting Duan, Qunxiang Ong, Ziliang Lin, Pooja Mahendra
Varman, Kijung Sung, Bianxiao Cui.
Stanford University, Stanford, CA, USA.
It has been proposed that differential activation kinetics allows cells to use a
common set of signaling pathways to induce different cellular outcomes. For
example, nerve growth factor (NGF) and epidermal growth factor (EGF)
induce different activation kinetics of extracellular signal-regulated kinase
(ERK) and result in the distinct outcomes of differentiation and proliferation,
respectively. However, direct and quantitative linkage between time kinetics
of ERK activation and the cellular response is still lacking due to difficulties
in perturbing the kinetics of intracellular signaling pathways. Here, we
construct a light-gated protein-protein interaction system that uses light to
regulate the activation and inactivation of ERK. We find that light-
induced ERK activation alone is sufficient to stimulate significant neurite
